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pa,liferationofprogeni.orcelk into chondxccytes and osteoblasts, diff^^^^^ 
vascular invasion, bone formation, remodeling, and finally manow differentiatioa 

Tnie osteogenic factors capable of inducing the above-described cascade of events that 
result m endochondral bone formation have now been identified, isolated, and cloned These 
pmteins. Which occur in nature as disulfide-bonded dimedc proteins, are cefer„.d to in the art as 
••osteogenic" proteins. 'Weoinductive-proteins. and "bone morphogenetic-protei^ 
naturally-occurring or synthetically prepared, these osteogenic proteins, when implanted in a 
mammal typicaUy in association with a substrate that aUows the attachment. proUferation and 
drfferentiauon of migntory progenitor ceUs. are capable of inducing n=cruitment of accessible 
Pmgenitorceus and stimulatu^gtheirpr^hferation. inducing differ^^^^^^ 
osteoblasts, and further inducing differentiation of intennediate cartilage, vascularization bone 
fonnation. remodeling, and finally marrow differentiatioa TTrose proteins are referred u,'as 

members Of the Vgr-1/OPl protein subfamilyof the TGFpsuper gene fan^ily Of stnrcnrr^Uly 
relatedproteins. Members include the proteins described in the art as OPl (BMP-7) 0P2(BMP 

U.S. 5.266.683. Ozkaynak et al. (1990) EMBQ j. 5: 2085-2093. Whanon et al (1991) PNAS 

M.2,4-9218),(Ozlcayna.(I992>i^i^^.25220-25227andU.S. 5,266.5 3^^^^ 
etal.(1991)I^^:.g43.9847); (Lyons e.al.(I989)PMMi6^^^^^ 
disclosures describe the amino acid and DNA sequences, as weD as the chemical and physical 
Characteristics of these proteins. See also (Wozney et al. (1988) Science 242:1528-1534)- BMP 9 

CWO93/00432.published;anua^7.1993);DPP(Padgettetal.(1987)^^rrr^^^ 
1 (Weeks (1987) m 51:861-867). ' 



It is an object of the instant invention to provide a bioresorbable 



matrix and device. 
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isfonnedandissufficipnftn,„w , "''^'^e or the instant mvenuon 

a ana IS sufficient to induce fonnation of new tissue in vivo such th^r rr>a 

in another aspect, the inventionprovidesmethods for ^piacingadefective bod 

^^yj"^ autogenous body pan thus fnm,.rt* 
be rniplanted at the defect site. ™s fonned then can 



-8- 

siiBsnnnEaEEr(BB£26) 



10 



15 



20 



25 



WO9S/33S02 

^Pp'/DS95/06724 

correct superfical articular caitila-e deferrc in • • 

synovial membrane tissue Th. • ^""^ '^""^^ "P^^le, or 

oea nercm to fonn a biocompatible devitalized matrix. 

as described herein to create the «™,h comomed with the structural materials 
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More particularly, in one aspect, the invention provides a device comprising an osteogenic 
protein disposed on the surfaces of a matrix or substrate for fonning a fimoional. mammaUan 
replacement body part comprising plural distinct tissues. As used herein, the term "matrix" is 
understood to define a stmctuie having interstices for the anachment. proliferation and 
' differentiationofinfUtratingceUs. It comprises residues specific for .he Ussue to be replaced 
and/or derived from the same tissue type, and has a shape and dimension when implanted which 
substantiaUy mimics that of the replacement tissue desired. 

As used herein, the term "residue" is intended to mean a constituent of a given tissue 
Which has specificity for. or is characteristic of. the given tissue, and which is derivable from the 
non-Viable constituents Of the given Ussue. A matrix comprising these residue(s). whencombined 

w.th osteogenic protein, and implamedinamammal in an environment whichmimics the tissue-^ 
local envrronmem under physiological conditions, and is sufficient for formation of specific 
mechanically and fiinctionally viable replacement tissue. 

The term "plural distinct tissue" is intended to mean physiologicaUy distinguishable 
nssues. such as biochemically or ultiastmctuially distinguishable tissues which reside at an 
anatomically similarlocus. In an aniculating replacement joint device for example, .hematrix can 
compnse residues specific for. or derived from. bone, cartilage, ligament, tendon and synovial 
n^embr^e tissue, -nvus. a significant a^ct of the matrix of the invention is a single strucmre 
comprising n^sidues of plural, distinct tissues, and which, when combined with an osteogenic 

protem as defined herein.is suitable forinducing repair orregenerationofabody part that is 
mechanically and fimciionally viable overtime in vjvQ. 

As used herein, the temis "bone" and "articular canUage" are intended to mean the 
foUowing: Bone refers to a calcified (mineralized) connective tissue primarily comprising a 
composite of deposited calcium and phosphate in the fomi of hydroxyapatite. collagen 
25 (predominantly Type I collagen) and bone ceUs. ^d, as osteoblasts, osteocytes and osteoclasts as 
well as to the bone marrow tissue which fomrs in the interior of tnie endochondral bone Cartilage 
refers to a type of com^ective tissue that contains chondn,cy.es embedded in an extraceUular 
networic comprising fibrils of coUagen (predominanUy Type II coUagen along with other minor 
types. e.g. Types IX and XI). various proteoglycans (e.g.. chondroitin sulfate, keratan sulfate and 
dermatan sulfate pn^teoglycans). other proteins, and water. Articular cartilage refer, to hyaline or 
an-cular cartilage, an avascular. non-minenOized tissue which covers the articulating surfaces of 
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'"'"funding tissue 

in one embodiment the device 
^anotherembodimenttbedeviceiscon^n 
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•n«">»ixoftoi™„,„„„,,t.„b,^edasM,,ws. AM«te^„,bod,™ 
» be ,«l a Kpuc™™ to,, p„ ^ ^ 

■nimic lhai of UK body pan 10 be replacei 
Naliinl-mi,|,-.j 'fainYr- 

'"'^''^^'^"'''"^'^'""""'-becrea^da.descnbedherelnbetow.^ 
m=*0d.weu^w„^«.« ».»=«P^«b„d,pa„ordasue.ob*d«,° 
*on,acada,erorfc„a,i,«eba„k„«fteeze,i,sd.su=,.p.ba„«.. ,„ a. ca«s and as ' 
"7'''^-"l«'-«.««done,i„d„fl.,t,M,p,,^b.e„Wan„»..po„^^^ 
"n,e.C.„^.„be^,„^,,^^ ^-u...ed.„.„ea.d«.aL ^ 

-.^=n.a...^-becpab,eore,^d,,a„,,^,^bid.,co„po^„„,,^:: 

-""■»-''«--.S«.e«i«^,o.be,^»edby«U.a«,,„,^^,^^ 
20 nor-siracniially-associaledcomponenis. y«P'Meain 

«»P»«e«»,oU.a.^esufflc,e„„o*««y^^„„^,„,^^~ 

^pr»fe«^fc,aeve,a,day..a.a»pe„^^^^„,.to.4.-*,.c.J,ca.,„ 
^««.o«o„^^«ba.o,eve^M.to».„„.sue.d^a.d.„,.d™d^ 

30 "--^*inuac.^-ia,a«ex«eu.lar^..com^de.vedfrod,a„,i.ue 
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Numerous other methods are described in the ait for extracting tissues, including 

mmendizedn-ssue such as bone, and for rendering these tissues biocompatible for allogenic or 
xenogen^c implants. See. for example. Sampath et al. (1983) EiiAS ^6591-6595. US 5 01 1 691 

-^U-S^^'»tNos.4.975^26and5.171.574.1.esep„blicationsdescribeextnctionw;*^ ' 
' »~Ha,50mMTris-Ha.p„7.0forl6hou.at4»C,and 

collagen fibril modifying agents, including hydrogen fluoride, trifluonxetic acid, dichlorometh^e 
acetonitrile.lsopropanol.heated,acidicaqueoussolutions. and various combinations of these 
« ^eclisclosuresofthepatentsisincorporatedher.inbyr.fe.„ce. As described therein 
and below, where the matrix is treated with a fibril-modifying agen. the treated matrix can be 

washed to remove any extracted components.fouowingafonn of theproceduresetforthbelow: 
1- Suspend matrix prepamtion in TBS (Tris-buffered saline) lg/200 ml and stir at 
4'>C for 2 his; or in 6 M urea. 50 mM Tris-HQ. 500 mM NaCl, pH 7.0 (UTBS) 
or water and stir at room temperature (RT) for 30 minutes (sufficient time to 
neutralize the pH); 

2. Centrifuge and repeat wash step; and 

3. Centrifuge; discard supematanu water wash residue; and then lyophilize. 
Treated allogenic or xenogenic matrices are envisioned to have particular utility for 

creating devices for fonning .placement bodyparts comprising plural c^stinctti^^^^ 

for creating devices for replacing individual joint tissues, such as ligamemandanic^^^ 

hssue. For example, a replacement ligament device can be formulated from an aUogenic U^amem 

matrrx andosteogemcprotein. and implanted ataskeletal joint locus foUowing^^^^^^ 

procduresforautogenousligamentreplacemenL Similarly, an aUogenic articular cartilage device 

can be formedfromdevitaUzedcartilage tissue. orotherinen.non-mineralizedmatrix materia 

osteoge.cprote^.andmedevicelaidon^esubchon^bonesurfaceasashee. Alternatively a 
onnulateddevice^ 

can be fonnulated into a paste or gel as described herein for application to the bone surface 
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Synthetic Matrir.fij g 



As an alternative to a natural-sourced matrix, or as a supplement to be used in 
combination with a natural-sourced matrix, a suitable matrix also can be fonnulated denovo . using 
(1) residues derived ftum and/or characteristic of. or specific for. the same tissue type as the tissue 
5 to be repaired, and (2) one or more materialswhich serve to create a three-dimensional scaffolding 
strucnire that can be fonned or molded to take on the dimensions of the replacement tissue desired. 
In some circumstances, as in the fonnation of articular cartilage on a subchondral bone surface, 
osteogenic protein in combination with a matrix defining a three-dimensional scaffolding structure 
sufficient to allow the attachment of infiltrating ceUs and composed of a non-mineralized material 
10 can be sufficient. Any one or combination of materials can be used to advantage, including, 

without limitation, coUagen; homopolymers or copolymers of glycolic acid, lactic acid, and butyric 
acid, including derivatives tiiereof; and ceramics, such as hydroxyapatiie, tricalcium phosphate and 
otiier calcium phosphates and combinations thereof. 



The tissue-specific component of a synthetic matrix readUy can be obtained by devitalizing 
an allogenic or xenogenic tissue as described above and tiien pulerizing or otherwise mechanicaUy 
breaking down the insoluble matrix remaining. This particulate material then can be combined 
with one or more structural materials, including those described herein. Alternatively, tissue- 
specific components can be fiirther purified from tiie treated matrix using standard extraction 
procedures weU charaaerized in tiie art and, using siandaid analysis procedures, the extracted 
20 material at each purification step can be tested for its tissue-specificity capability. See, for 
example, Sampath et al. (1987) PNAS 22:7599-7603 and US 4,968,590 for exemplary tissue 
extraction protocols. 

A syntiietic matrix may be desired where, for example, replacement articular cartilage is 
desired in an existing joint to. for example, connect a tear or limited superficial defect in the tissue, 

25 or to increase the height of tiie articular cartilage surface now worn due to age, disease or trauma. 
Such *^resurfacing" of tiie articular cartilage layer can be acliieved using tiie metiiods and 
compositions of tiie invention by, in one embodiment, treating a sheet of aDogenic or xenogenic 
articular cartilage tissue as described herein, coating tiie resulting matrix witii osteogenic protein, 
rolling up tiie formulated device so tiiat it can be introduced to tiie joint using standard orthoscopic 

30 surgical techniques and, once provided to the site, unrolling tiie device as a layer onto tiie articular 
bone surface. In anotiier embodiment, tiie device is formulated as a paste or injectable gel-like 

- 19- 
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substance that can be injected onto the anicular bone surface in the joint also using standard 
orthoscopic suiiical techniques. In this embodiment, the foimulation may comprise a pulverized or 
othenvise mechanically degraded device comprising both matrix and osteogenic protein and, in 
addition, one ormore components which seive to bind the particles into apaste-like or gel-like 
: substance. Binding materials well characterized in the art include, for example. 

carboxymethylceUulose, glycerol, polyediylene-glycol and the like. Alternatively, the device can 
comprise osteogenic protein dispersed in a synthetic matrix which provides the desittd physical 
properties. As an example, a synthetic matrix having tissue specificity for cartilage and bone is 
describedinW091/18558.publishedDecember21.1991andhereinbelow. Briefly, the matrix 
comprises a porous crosslinked stmctural polymer of biocompatible, biodegradable collagen and 
appropriate, tissue-specific glycosaminoglycans as tissue-specific cell attachment factors. 
Collagen derived from a number of sources can be used, including insoluble collagen, acid-soluble 
collagen, collagen soluble in neutral or basic aqueous solutions, as well as those collagens which 
are commercially available. 

Glycosaminoglycans (GAGs) or mucopolysaccharides are hexosamine-containing 
polysaccharides of animal origin that have a tissue specific distribuUon. and therefore may be used 
to help determine the tissue specificity of the morphogen-stimulated differentiating cells. Reaction 
with the GAGs also provides collagen with another valuable properly, i.e.. inability to provoke an 
immune reaction (foreign body reaction) from an animal host 

ChemicaUy. GAGs are made up of residues of hexoamines glycosidically bound and 
alternating in a more-or-less regular mam«r with either hexouronic add or hexose moieties (see. 
e.g.. Dodgson et al. in CaibQhydrate Metabolism nn^ ire r^ j^^ ^ lf ('^i-lrn- rt il . rd:.) Vul i ' 
Academic Press (1968)). Usefid GAGs include hyaluronic acid, heparin, heparin sulfate, 
Chondroitin 6-sulfate. chondroitin 4-sulfate, dermatan sulfate, and keratin sulfate. Other GAGs 
also can be used for fonning the matrix described herein, and those skilled in the an will either 
know or be able to ascertain otiier suitable GAGs using no more than routine experimentation. For 
a more detailed description of mucopolysaccharides, see Aspinall. ftacchandfis. Pergamon 
Press. Oxford (1970). 

CoDagen can be reacted with a GAG in aqueous acidic solutions, preferably in dUuted 
acetic acid solutions. By adding the GAG dropwise into the aqueous coUagen dispersion, 
coprecipitates of tangled collagen fibrils coated wi* GAG results. Hiis tangled mass of fibers 
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then can be homogenized to fonn a homogeneous dispersion of fine fibers and then filtered and 
dried 

Insolubility of the collagen-GAG products can be raised to the desired degree by covalendy 
cross-linking these materials, which also serves to raise the resistance to resorption of these 
5 materials. In general, any covalem cross-linking method suitable for cross-linking collagen also is 
suitable for cross-linking these composite materials, although crosslinking by a dehydrothennal 
process is preferred. 

Fomiulation Considerations 



1 0 art for fonnulating ostegenic devices. See. for example, US Patent No. 5,266,683, the disclosure 
of which is incorporated herein by reference. Briefly, osteogenic protein typically is dissolved in a 
suitable solvent and combined widi the matrix. The components are allowed to associate. 
Typically, the combined material then is lyophilized, with the result that the osteogenic protein is 
disposed on, or adsorbed to the surfaces of the matrix. Useful solubilizing solvents include, without 

15 limitation, an ethanoltrifluoroacetic acid solution, e.g., 47.5% EtOHA).01% TFA; and 
acetonitrile/TFA solution, edianol or ethanol in water, and physiologically buffered saline 
solutions. Formulations in an acidic buffer can faciliate adsorption of OPl onto the matrix 
surface. For the replacement body part devices of the invention, the currently preferred 
formulation protocol is incubation of matrix and osteogenic protein in an ethanol/TFA solution 

20 (e.g., 30-40% EtOH/0.0 1 -0. 1 %TFA) for 24 hours, followed by lyophilization. This procedure is 
sufficient to adsorb or precipitate 70-907o of the protein onto the matrix surface. 

The quantity of osteogenic protein used will depend on the size of replacement device to be 
used and on the specific activity of the osteogenic protein. Typically, 0.5 mg-100 mg/10 g of 
matrix, dry weight, can be used to advantage. 

25 In addition to osteogenic proteins, various growth factors, honnones, enzymes, therapeutic 

compositions, antibiotics, or other bioactive agents also can be adsorbed onto, or impregnated 
within, a substrate and released over time when implanted and the matrix slowly is absorbed. 
Thus, various known growth factors such as EOF, PDGF, IGF. FGF, TGF-a, and TGF-b can be 



The devices of the invention can be fonnulated using any of the methods described in the 
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released in vivo . The matrix can also be used to release chemotherapeutic agents, insulin, 
enzymes, enzyme inhibitors or chemotactic-chemoattractant factors. 

Profein Con^i(ieyatiQn$ 

As defined herein, the osteogenic proteins useful in the composition and methods of the 
5 invention include the family of dimeric proteins having endochondral bone activity when implanted 
in a mammal in association with a matrix and which comprise a subclass of the "super family" of 
"TGFP-like" proteins. The natural-sourced osteogenic protein in its mature, native form is a 
glycosylated dimer typically having an apparent molecular weight of about 30-36 kDa as 
determined by SDS-PAGE. When reduced, the 30 kDa protein gives rise to two glycosylated 

1 0 peptide subunits having apparent molecular weights of about 16 kDa and 18 kDa. In the reduced 
state, the protein has no detectable osteogenic activity. The unglycosylated protein, which also has 
osteogenic activity, has an apparent molecular weight of about 27 kDa. When reduced, the 27 kDa 
protein gives rise to two unglycosylated polypeptides having molecular weights of about 14 kDa to 
16 kDa capable of inducing endochondral bone formation in a mammal. Useful sequences include 

15 those comprising die C-tenminal 102 amino acid sequences of DPP (from Drosophila). Vgl (from 
Xenopus), Vgr-l (from mouse), the OPl and 0P2 proteins, proteins (see U.S. Pat. No. 5,011,691 
and Oppennann et al„ as well as the proteins referred to as BMP2, BMP3, BMP4 (see 
WO88/00205, U. S. Patent No. 5,013,649 and W091/18098), BMP5 and BMP6 (see 
WO90/1 1366, PCT/US90/01630 and BMP8 and 9. 

20 The members of this family of proteins share a conserved six or seven cysteine skeleton in 

the C-terminal region. See, for example, 335-431 of Seq. ID No. 1 and whose sequence defines the 
six cysteine skeleton residues referred to herein as "OPS", or residues 330-431 of Seq. ID No. 1, 
comprising 102 amino acids and whose sequence defines the seven cysteine skeleton. 



25 e.g., species and allelic variants and biosynthetic mutants, including addition and deletion mutams 
and variants, such as those which may alter the conserved C-terminal cysteine skeleton, provided 
that the alteration still allows the protein to form a dimeric species having a conformation capable 
of inducing bone formation in a mammal when implanted in the mammal in association with a 
matrix. In addition, the osteogenic proteins useful in devices of this invention may include forms 

30 having varying glycosylation patterns and varying N-termini, may be naturally occurring or 



This family of proteins includes longer forms of a given protein, as well as phylogenetic. 



-22- 



SOBSmOIESIEEmifillSV 



wo 95/33502 




'/US95/067Z4 



biosyntheticaUy derived, and may be produced by expression of recombinant DN A in piocaryoiic 



or eucaiyotic host ceUs. The proteins are active as a single species (e.g.. as homodimers). or 
combined as a mixed species, including heierodimers. 

In one embodiment, the osteogenic protein contemplated herein comprises OPl or an OPl- 
5 related sequence. Useful OPl sequences are recited in US Pat Nos. 5,01 1,691; 5,018,753 and 
5,266,683; in Ozkaynak et al. (1990) EMBOJ 2:2085-2093: and Sampaih et al. (1993) PNAS 2Q: 
6004-6008. OP-1 related sequences include xenogenic homologs, e.g.; 60A, from Drosophila, 
Whanon et al. (1991) PNAS 38:9214-9218; and proteins sharing greater than 60% Identity with 
OPl in the C-teiminal seven cysteine domain, preferably at least 65% identity. Examples of OP-1 
0 related sequences include BMP5, BMP6 (and its species homolog Vgr-1 , Lyons et al. (1989) 
PNAS M:4554^558), Celeste, et al. (1990) PNAS 87:9843.9847 and PCT international 
application WO93/00432; OP-2 (Ozkaynak et al. (1992) J.Biol. Chem. 262:13198-13205) As wiU 
be appreciated by those having ordinary skill in the ait, chimeric constnicts readUy can be created 
using standard molecular biology and mutagenesis techniques combining various portions of 
5 different morphogenic protein sequences to create a novel sequence, and these foiras of the protein 
also are contemplated herein. 

In another prefemed aspect, the invention contemplates osteogenic proteins comprising 
species of polypeptide chains having the generic amino acid sequence herein referred to as "OPX" 
which accommodates the homologies between the various identified species of the osteogenic OPl 
) and 0P2 proteins, and which is described by the amino acid sequence presented below and in 
Sequence ID No. 3. 



Cys Xaa Xaa His Glu Leu Tyr Val Ser Phe 



5 



10 



Xaa Asp Leu Gly Trp Xaa Asp Trp Xaa Ue 



25 



15 



20 



Ala Pro Xaa Gly Tyr Xaa Ala Tyr Tyr Cys 



25 



30 
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10 



Glu Gly Glu Cys Xaa Phe Pro Leu Xaa Ser 

35 40 

Xaa Met Asn Ala Thr Asa His Ala De Xaa 

45 50 

Gin Xaa Leu Val His Xaa Xaa Xaa Pro Xaa 

55 60 

Xaa Val Pro Lys Xaa Cys Cys Ala Pro Thr 

65 70 

Xaa Leu Xaa Ala Xaa Ser Val Leu Tyr Xaa 

75 80 

Asp Xaa Ser Xaa Asn Val lie Leu Xaa Lys 

85 90 

Xaa Ais Asn Met Val Val Xaa Ala Cys Gly 

95 100 

15 Cys His. 

and wherein Xaa at res. 2 = (Lys or Arg); Xaa at res. 3 = (Lys or Arg); Xaa at res. 1 1 = (Aig or 
Gin): Xaa at res. 16 = (Gin or Leu): Xaa at res. 19 = (Ue or Val): Xaa at res. 23 = (Glu or Gin); 
Xaa at res. 26 = (Ala or Ser); Xaa at res. 35 = (Ala or Ser): Xaa at res. 39 = (Asn or Asp); Xaa at 
res. 41 = (Tyr or Cys): Xaa at res. 50 = (Val or Leu); Xaa at res. 52 = (Ser or Thr); Xaa at res. 56 
= (Phe or Leu): Xaa at res. 57 = aie or Met); Xaa at res. 58 = (Asn or Lys); Xaa at res. 60 = (Glu. 
Asp or Asn); Xaa at res. 61 = (Thr. Ala or Val); Xaa at res. 65 = (Pro or Ala); Xaa at res. 71 = 
(Gin or Lys): Xaa at res. 73 = (Asn or Ser); Xaa at res. 75 = (lie or Tlir); Xaa at res. 80 = (Phe or 



20 
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Tyr); Xaa at res. 82 = (Asp or Scr); Xaa at res. 84 = (Scr or Asn); Xaa at res. 89 = (Lys or Arg); 
Xaa at res. 91 = (Tyr or His); and Xaa at res. 97 = (Arg or Lys). 

In still another preferred aspea, one or both of the polypeptide chain subunits of the 
osteogenerically active dimer is encoded by nucleic acids which hybridize to DNA or RNA 
5 sequences encoding the active region of OPl under stringent hybridization conditions. As used 
herein, stringent hybridization conditions are defined as hybridization in 40% fonnamide, 5 X 
SSPE. 5 X Denhardt's Solution, and 0.1% SDS at l^TC overnight, and washing in 0.1 X SSPE» 
0.1% SDS atSOX, 



5,01 h691 and published PCT specification US 89/01469, published October 19, 1989, various 
DNAs can be constructed which encode at least the active domain of an osteogenic protein useful 
in the devices of this invention, and various analogs thereof (including species and allelic variants 
and those containing genetically engineered mutations), as well as fusion proteins, truncated fonns 
15 of the mature proteins, deletion and addition mutants, and similar constructs which can be used in 
the devices and methods of the inventioa Moreover, DNA hybridization probes can be consd^cted 
from fragments of any of these proteins, or designed novo from the generic sequence. Hjcse 
probes then can be used to screen different genomic and cDNA libraries to identify additional 
osteogenic proteins useful in the prosthetic devices of this inventioa 

20 The DNAs can be produced by those skilled in the art using well known DNA 

manipulation techniques involving genomic and cDN A isolation, construction of synthetic DNA 
from synthesized oligonucleotides, and cassette mutagenesis techniques. 15-lOOmer 
oligonucleotides may be synthesized on a DNA synthesizer, and purified by polyacrylamide gel 
electrophoresis (PAGE) in Tris-Borate-EDTA buffer. The DNA tiien may be elecuoeluted from 

25 the gel. Overiapping oligomers may be phosphorylated by T4 polynucleotide kinase and ligated 
into larger blocks which may also be purified by PAGE. 

The DNA fiom appropriately identified clones then can be isolated, subcloned (preferably 
into an expression vector), and sequenced. Plasmids containing sequences of interest then can be 
transfected into an appropriate host cell for protein expression and further characterization. The 
30 host may be a procaryotic or eucaryotic cell since the former's inability to glycosylate protein will 



10 



Given the foregoing amino acid and DNA sequence information, tiie level of skill in tiie art, 
and the disclosures of numerous publications on osteogenic proteins, including U.S. Patent 
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not destroy the protein's moiphogenic activity. Useful host cells include cqH, Sacchammvr^ ^ 
the insect/baculovinjs cell system, myeloma cells, CHO cells and various other mammalian cells. 
The vectors additionally may encode various sequences to promote correct expression of the 
recombinant protein, including transcription promoter and tenmination sequences, enhancer 
5 sequences, prefeired ribosome binding site sequences, preferred mRN A leader sequences, preferred 
signal sequences for protein seci^tioa and the like. 

The DNA sequence encoding the gene of interest also may be manipulated to remove 
potentially inhibiting sequences or to minimize unwanted secondary structure formation. The 
recombinant osteogenic protein also may be expressed as a fusion protein. After being translated, 

1 0 the protein may be purified from the cells themselves or recovered from the culture medium. All 
biologicaUy active protein forms comprise dimeric species joined by disulfide bonds or otherwise 
associated, produced by folding and oxidizing one or more of the various recombinant polypeptide 
chains within an appropriate eucaryoiic cell or in vitro after expression of individual subunits. A 
detailed description of osteogenic proteins expressed from recombinant DNA in E. coH and in 

15 numerous different mammalian cells is disclosed in U.S. Patent No. 5,266,963, the disclosure of 
which is hereby incorporated by reference. 

Alternatively, osteogenic polypeptide chains can be synthesized chemically using 
conventional peptide syntiiesis techniques well known to those having ordinary skill in the art. For 
example, the proteins may be syntiiesized intact or in pans on a solid phase peptide synthesizer, 
20 using standard operating procedures. Completed chains then are deprotected and purified by 

HPLC (high pressure liquid chromatography). If the protein is synthesized in parts, the parts may 
be peptide bonded using standard methodologies to form the intact protein. In general, the manner 
in which the osteogenic proteins are made can be conventional and does not form a part of this 
invention. 

25 Exemplification 

Hie means for making and using the matrices and devices of the invention, as well as other 
material aspects concerning the namre and utility of these compositions, including how to make 
and how to use the subject matter claimed, will be fimher understood from the following, which 
constitutes tiie best mode currentiy contemplated for practicing tiie invention. It will be 
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appreciated that the invention is not limited to such exemplary woik or to the specific details set 
forth in these examples. 

In the exemplification, a hemi-joint reconstruction of an articulating synovial joint is 
resected into an existing joint locus. As will be appreciated by those having ordinary skill in the 
5 art the methods and compositions of the invention equally can be applied to the fonnation of 

replacement body paits other than skeletal joints, as well as to skeletal joints other than articulating 
or synovial joints. Moreover, if desired, a replacement autogenous joint can be constructed in the 
recipient first by placing the device of the invention at another convenient locus distal to the defect 
site, for a time sufficient to induce fonnation of the replacement body part, and the autogenous 
body part tiius formed then sutured into the joint locus for use. 

Example 1. Reconstruction of a Mamm alian Hemi-Joint 

New Zealand white rabbits were used as the experimental model Standard orthopedic 
surgical equipment and procedures were used 

As depicted in Fig. 2A,- joint defects were created in a recipient by surgically resecting tiie 
entire gleno-humeral hemiarticular complex with the proximal two-thirds of the humerus. 
Allografts for implantation were prepared from hemi-joints excised from a donor aiumal with the 
articular surface of tiie glenohumoral joint All allografts were extracted in ethanol and lyophilizcd 
using standard procedures, and as described herein above, to destroy the pathogenicity and 
antigenicity of the material. Specifically, intact joint complexes were excised, deman^owed and 
etiianol treated by exposure to 200ml-500ml of 200 proof ethanol for 72 hours at 40 C. Fresh 
etiianol was provided every 6-8 hours. Following ethanol treatment, the matrix was lyophilized 
and rehydrated in ethanol/TFA, with or without osteogenic protein. The treated hemi-joints 
comprised devitalized bone, articular cartilage, ligament, tendon, synovialcapsule and synovial 
membrane tissue. 

As illustrated in Fig. 2B, all lyophilized, osteogenic protein-treated allografts were coated 
witii OP-1 as described in U.S. 5,01 1,691. Specifically, mature, dimeric recombinant OP-1 
(rhOPl) was solubilized in an acetonitrile trifluoro-acetic acid solution, combined wiUithe 
lyophilized allograft, and implanted. 15-20 mg protein/8-10 g matrix, dry weight, was used. The 
distal bone portions of all allografts were secured in place with a four hole titanium miniplate. A 



-27- 



siiisnniiEsmr(iiaE2» 



wo 9503502 ^TAJS95/06724 



10 



15 



25 



meticulous surgical reconstruction of the joint capsule was perfonned by suturing tlie lyopWlized 
capsule ends to the endogenous capsule using standard surgical procedures weU estabUshed in the 
art using standard surgical procedures weU established in the art. TTiis recreated an intact capsule 
and synovial lining, thereby restoring the synovial mUieu of the grafted articular surface. MoUon 
was permitted almost immediately after surgery, again to restore normal joint conditions. 

In some animals, local muscle flaps (cutaneous maximus muscle; Fig. 2Q were 
incorporated into the region of the defect by threading muscle into the marrow cavity of the 
allograft as depicted in Fig. 2D. using the method of Khouri as described in U.S. 5.067.963 the 
disclosure of which is incorporated herein by reference. Briefly, vascularized and convenient 
muscle flaps were dissected using standard procedures well known to the practitioner in 
reconstnictive surgery, so as to maintain a perfusing blood supply, and threaded inside the bone 
marrow cavities of the allografts. 

Preliminary evaluations of the reconstnicted hemi-joints were obtained by serial weekly 
radiographs using X-ray. and/or magnetic resonance imaging (MRI). Histological and mechanical 
confirmatory evaluations were conducted upon sacrifice at 5 weeks and 6 months after surgery. 

Mechanical evaluations involved standard range of motion (ROM) measurements obtained 
serially until sacrifice. Histological evaluations involved staining sagital sections through the 
harvested allografts using standaid techniques. 

Briefly, identification of bona fidg articular cartilage can be accompUshed using 
20 ultrastnicwral and/or biochemical parameters. For example, articular cartilage fonns a continuous 
layer of canUage tissue possessing identifiable zones. The superficial zone is characterized by 
chondrocytes having a flattened moiphology and an extraceUular network which does not stain, or 
stains pooriy, widi toluidine blue, indicating the relative absence of sulphated proteoglycans. 
Chondrocytes in die mid and deep zones have a spherical appearance and the matrix contains 
abundant sulphated proteoglycans, as evidenced by staining with toluidine blue. Collagen fibers 
are present diffusely Uiroughout the matrix. The chondrocytes possess abundant rough 
endoplasmic reticulum and are surrounded by extraceUular network. The periceUular networic 
contains numerous tiiin non-banded coUagen fibers. The coUagen in the interteiritorial networic is 
less compacted and embedded in electron translucent amorphous material, similar to articular 
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cartilage. Collagen fibers in the intenerritorial region of the network exhibit the periodic banding 



characteristic of collagen fibers in the intenerritorial zone of cartUage tissue. 

Biochemically, the presence of Type n and Type IX collagen in the cartilage tissue is 
indicative of the differentiated phenotype of chondrocytes. The presence of Type n and/or Type 
5 IX collagen can be detennined by standard gel elearophoresis, Western blot analysis and/or 
inununohisto-chemical staining using, for example, commercially available antibody. Other 
biochemical markers include hematoxylin, eosin, Goldner's Trichrome and Safranin-0. 

Articular cartilage regeneration was evaluated histologically in the examples described 
herein using glycosaminoglycan-specific stains and techniques well-known in the art For the 

1 0 initial histologic evaluation, the defect sites were bisected lengthwise through the center of the 
defect. The resulting halves and surrounding tissue were embedded in paraffm and sectioned 
across the center of the defect. One half of each defect was utilized for histological staining with 
toluidine blue and/or hematoxlin and eosin, Goldner's Trichrome and Safranin-O, The other half 
was used in preparing sections for immunostaining. Histological evaluations involved assessment 

15 of: glycosaminoglycan content in the repair cartilage; cartilage and chondrocyte morphology; and, 
structural integrity and morphology at the defect interface. The morphology of the repair cartilage 
was exhibited for the type of cartilage fonned: articular vs. fibrotic by evaluating 
glycosaminoglycan content, degree of cartilage deposition, and the like. 



5,266,683. the disclosure of which is incorporated hereinabove by reference. Similarly, ligament 
and synovial capsule integrity can be montiored by MRI, as well as by histology upon sacrifice. 

E?^pmple 2 Five Weeks Durarion (Short Term) 

For the 5 week study, four groups witii 10 rabbits per group were implanted with 
25 lyophilized aUografts. See Figs. 3A, 3B, 3C, and 3D. In Group 1 , control lyophUized allograft 30 
free of osteogenic protein, was implanted (Fig. 3A). In Group 2, experimental lyophilized allograft 
3 1 was impregnated with OP-1 prior to implantation (Fig. 3B). In Group 3. control lyophilized 
aUograft 30 free of osteogenic protein, was implanted, with muscle flap 32 threaded into marrow 
cavity 33 (Fig. 3C). In Group 4, experimental lyophUized allograft 31 was impregnated with OP-1 



20 



Histological evaluations using standard methodologies well characterized in tiie art also 
allows assessment of new bone and bone marrow formation. See, for example, US Pat.No. 
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prior to implantation, and muscle flap 32 was threaded within the manow cavity 33 (Fig. 3D). 

As stated above, graft healing was followed non-invasively with serial X-rays and standaid 
MRI (magnetic resonance imaging). By X-my assessment, allografts treated with osteongic 
protem had a noticeably thickened conex by 1 weelc ix,st-opemti ve. as compared with contn>l 
allografts (Groups 1.3) which evidenced only a thin egg-shell-like conex. By four weelcs the 
majority control allografts had fractu.^1 and were unstable. In contrast, OP- 1 treated allografts 
(Groups 2. 4) remained stable. 

MRI also was used as a non-invasive means for following refomiation of articular 
carulage in the allografts. A daric signal produced by MRI represents absent or nonviable 
cartuage. while a bright signal indicates live, viable cartilage. Control allografts produced only a 

dar. Signal. When tested at 1.3and5weeks post-operative. These MRI findings w^ 
byh«toiogicalanalysispe,fomredat5weekspost-operadve.Sagitalsecti^^^^^ 
allografts showed a degenerated articular surface with no live cells. 

By contrast, the MRI findings of the articular caps ftom OP-l-treated allografts showed a 
bnght signal by week 3 post-operative, indicating regeneration of viable articular cartilage 

Histological analysisofthe OP-l-treated allografts at weekSrevealedalayerofnewlygenerated 

antcularcartilage on topof the allograft matrix. The allografts ofGrx,up4showedsomewhat 
tiucker cartilage layer. ^ chose of Group 2. suggesting that tire addition of tire muscle flap may 
ftirther enhance tiie rate of joint regeneratioa 

Additionally, joints regenerated witir tire OP-l-treated allografts regained near nomral 
range of motion by tire time tirey were harvested at 5 weeks post-reconstitrction. The near nomral 
range ofmotion also is indicativeoftirepresenceof lubricating synovial fluid. By contrast, tire 

harvested contiolauografts were stiff and contracted at harvest. Thus, hemi-jointreplacemem 
devrces of tire invention succeeded in forming mechanicaUy and ftmctionally viable replacement 
jomts. Witir an intact cpsule, and synovium, and ftmctioning ligamem. bone and articular cartilage 

tissue. ^ntheabsenceofosteogenicprotein.ti,eallografts.whilenotrejectedbytiredonorare " 
•nsufficrem on tireir own to generate a functional, weight bearing joint 



■30- 



10 



15 



20 



25 



WO 95/33S02 , ^ 

^|T/DS9S/06724 

For the 6 month study, the variable of shaving off the old cartilaginous cap in the 
lyophilized allografts was intrcduced. Briefly, this was accomplished by mechanicaDy sharing the 
articular cartflage cap of the joint surface. 

The foUowing gioups were used with4 rabbits per group: in Group 5. lyophilized allograft 
34 w,th Shaved articular surface, and muscle flap 32 were implanted (see Fig. 4A): in Grt,«p 6 
contrt)! lyophilized aUograft 30 with non-shaved articular suzface. and muscle flap 32 were 
implanted (see Fig. 4B); in Group 7. lyophilized allograft 35 with shaved articular surface and OP- 
1 . and muscle flap 36 treated with OP-1 we., implanted (see Fig. 4C); and. in Gn,up 8. lyophilized 
allograft 37 with a non-shaved anicular surface and OP-l, and muscle flap 36 treated with OP-l 
we:, implanted (see Fig. 4D). Grafts in Grt>ups 5-8 were han^ested at 6 months after surgery. 

Based upon pre-harvest imaging studies, the results collected by 3 months post-operative 
are consistent with the above-described results coUected at 5 weeks. Intact ailogr^s treated with 
OP-l (Group 8) regenerated a live cartilaginous articular surface by 3 weeks when evaluated usino 
MRl. -""sarticularcapisstiUpresentandevenbetterdevelopedatSmonths. WithoutOP-l 
treatment of the allograft. (Grt>up 6) .her. was negligible cartilage regenemtion relative to the OP-l 
treated groups. 

SimUarly. Group 8 rabbits (allograft + OPI. non-shaved) ..gained nearnonnal ranc of 
mouon(o:.aterthan80%)inthercconstarctedjoint. Grtjup 7 rabbits (aUogr^ + oPl shaved) 
achieved only 50% range of motion, and Groups 5 and 6 (no DPI) achieved less than 30%. 

As detennined by histology, the devices of the invention ^re compem to induce and 
maantarn both bone and articular amilage fortnation in the appropriate context to one another in a 
long tenn study(gr.ater than 6 months). Specifically, the rabbits of Gnjup 8, demonstrated 
articular cartilage fonnation on the surface of bone, as evidenced morphologicaUy by the presence 
Of r.stmg. central and deeper zone chondrocytes. By contort, in groups t..ated only with muscle 
fIap.(Gn,up5and6) muscle was replaced with scar tissue. In the grt,ups treated with shaved 
bone matrices, no significant cartilage regeneration was identified, demonstrating the requirement 
for cartilage-specific residues in articular cartUage fomration in a non-vascularized mfleiu 
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In both the short tem and long teim study, mechanically and fiinctionaUy viable synovial 
joints resulted from the reconstniaed hemijoints treated with osteogenic protein, as evidenced by 
morphology and biochemistiy. In addition, new tissue formed, including articular cartilage, 
corresponding in shape, kind and stnicmral relationship to the itsidues in the devitalized tissue 
5 which formed the matrix of the device. CoUectively. these examples demonstrate that a device 
comprising osteogenic protein and an off-the-shelf. non-viaWe lyophilized. devitalized matrix can 
be transforaied into aviable. mechanically and structuraUy functional replacement body part 
structure comprising plural distinct newly fonmed tissues which assume the shape and function of 
the original tissue. The device can restore normal function to a destroyed body part, including a 
destroyed skeletal joint, restoring mechanically and functionally viable plural distinct tissues, 
including bone and bone marrow, articular cartilage, ligament, tendon, synovial capsule and 
synovial membrane tissue. Moreover, these tissues are restored under sutetantially physiological 
conditionsincluding. for example, from responding cells present in a synovial environment, and 
without exposure to avascularized muscle flap. 

A device comprising osteogenic protein-treated matrices, including lyophilized allografts or 
xenografts as disclosed herein can lead to the formation of a new, mechanically. structuraUy and 
functionally viable replacement tissue, and to replacemem body pans comprising plural distina 
tissues, populated by tiie host cells, and witiiout any of the limitations of prostiietic materials. 

Those skilled in tiie an will know, or be able to ascertain using no more tiian routine 
20 experimentation, many equivalents w tiie specific embodiments of the invention described hereia 
These and all other equivalents are intended w be encompassed by the following claims. 



15 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

10 (i) APPLICANT: 

(A) NAME: CREATIVE BIOMOLCULES, INC 

(B) STREET: 45 SOUTH STREET 

(C) CITY: HOPKINTON 

(D) STATE: MA 

(E) COUNTRY; USA 

(F) POSTAL CODE (ZIP) : 01748 

(G) TELEPHONE: (508) -435-9001 

(H) TELEFAX: (508) -435-0992 

(I) TELEX: 



20 



25 



(ii) TITLE OF INVENTION: MANUFACTURE OF AUTOGENOUS REPLACEMENT 



BODY PARTS 
(iii) NUMBER OF SEQUENCES: 3 



(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: PATENT ADMINISTRATOR, TESTA, HURWITZ 
THIBEAULT 

^r. (B) STREET: 53 STATE STREET 

(C) CITY: BOSTON 

(D) STATE: MA 

(E) COUNTRY: USA 

(F) ZIP: 02109 

35 (V) COMPUTER READABLE FORM: 

(A) MEDItJM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC -DOS/MS-DOS 

40 SOFIWARE: Patentin Release #1.0, Version #1.25 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) FILING DATE: 

^2 (C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

50 (viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: KELLEY, ROBIN D. 

(B) REGISTRATION NUMBER: 34,637 

(C) REFERENCE /DOCKET NUMBER: CRPIOIPC 

55 (ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 617/248-7000 

(B) TELEFAX: 617/248-7100 

60 (2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1822 base pairs 
f-t- (BJ TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
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30 



35 



40 



50 



55 



60 



(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 

10 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: HOMO SAPIENS 
(F) TISSUE TYPE: HIPPOCAMPUS 

(ix) FEATURE: 
15 (A) NAME/KEY: CDS 

(B) LOCATION: 49.. 1341 

(C) IDENTIFICATION METHOD: experimental 

(D) OTHER INFORMATION: /function= "OSTEOGENIC PROTEIN" 
/products "OPl" 
/evidences EXPERIMENTAL 
/stardard_name= "OPl" 



2^ (Xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

GGTGCGGGCC CGGAGCCCGG AGCCCGGGTA GCGCGTAGAG CCGGCGCG ATX3 CAC GTG 57 

Met His Val 
1 



CGC TCA CTG CGA GCT GCG GCG CCG CAC AGC TTC GTG GCG CTC TCG GCA 105 
Arg Ser Leu Arg Ala Ala Ala Pro His Ser Phe Val Ala Leu Trp Ala 
5 10 15 



CCC CTG TTC CTG CTG CGC TCC GCC CTG GCC GAC TTC AGC CTC GAC AAC 153 
Pro Leu Phe Leu Leu Arg Ser Ala Leu Ala Asp Phe Ser Leu Asp Asn 
20 25 30 *^ 35 



vI? S ^° ^ CGC AGC CAG GAG CGG 201 

Glu Val His Ser Ser Phe He His Arg Arg Leu Arg Ser Gin Glu Arg 
40 45 50 

CGG GAG ATC CAG CGC GAG ATC CTC TCC ATT TTC GGC TTC CCC CAC CGC 249 
Arg Glu Met Gin Arg Glu He Leu Ser He Leu Gly Leu Pro His Arg 
^■^ == 60 65 

CCG CGC CCG CAC CTC CAG GGC AAG CAC AAC TCG GCA CCC ATC TTC ATC 297 
Pro Arg Pro His Leu Gin Gly Lys His Asn Ser Ala Pro Met Phe Met 
'0 75 80 

i"^. f^*^ I^*^ ^'^ GAG GAG GCC GGC GGG CCC GGC 345 

Leu Asp Leu Tyr Asn Ala Met Ala Val Glu Glu Gly Gly Gly Pro Gly 
85 90 95 

G?v rtn l^^ "^^^ '^^^ °'^C ACT ACC CAG GGC 393 

Gly Gin Gly Phe Ser Tyr Pro Tyr Lys Ala Val Phe Ser Thr Gin Gly 
105 110 

CCC CCT CTC GCC AGC CTC CAA GAT AGC CAT TTC CTC ACC GAC GCC GAC 441 
Pro Pro Leu Ala Ser Leu Gin Asp Ser His Phe Leu Thr Asp Ala Asp 
120 125 130 



ATG GTC ATC AGC TTC GTC AAC CTC GTC GAA CAT GAC AAG GAA TTC TTC 
Met Val Met Ser Phe Val Asn Leu Val Glu His Asp Lys Glu Phe Phe 
135 140 145 



489 



CAC CCA CGC TAC CAC CAT CGA GAG TTC CGG TTT GAT CTT TCC AAG ATC 537 
His Pro Arg Tyr His His Arg Glu Phe Arg Phe Asp Leu Ser Lys He 
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150 155 160 

CCA GAA GGG GAA GCT GTC ACG GCA GCC GAA TTC CGG ATC TAC AAG GAC 585 
Pro Glu Gly Glu Ala Val Thr Ala Ala Glu Phe Arg lie Tyr Lys Asp 
165 170 175 

TAC ATC CGG GAA CGC TTC GAC AAT GAG ACG TTC CGG ATC AGC GTT TAT 633 
Tyr He Arg Glu Arg Phe Asp Asn Glu Thr Phe Arg He Ser Val Tyr 
180 185 190 195 

15 CAG GTG CTC CAG GAG CAC TTG GGC AGG GAA TCG GAT CTC TTC CTG CTC 681 
Gin Val Leu Gin Glu His Leu Gly Arg Glu Ser Asp Leu Phe Leu Leu 
200 205 210 

GAC AGC CGT ACC CTC TGG GCC TCG GAG GAG GGC TGG CTG GTC TTT GAC 729 
20 Asp Ser Arg Thr Leu Trp Ala Ser Glu Glu Gly Trp Leu Val Phe Asp 
215 220 225 

ATC ACA GCC ACC AGC AAC CAC TGG GTG GTC AAT CCG CGG CAC AAC CTG 777 
He Thr Ala Thr Ser Asn His Trp Val Val Asn Pro Arg His Asn Leu 
25 230 235 240 - 



GGC CTG CAG CTC TCG GTG GAG ACG CTG GAT GGG CAG AGC ATC AAC CCC 825 
Gly Leu Gin Leu Ser Val Glu Thr Leu Asp Gly Gin Ser He Asn Pro 
245 250 255 

AAG TTG GCG GGC CTG ATT GGG CGG CAC GGG CCC CAG AAC AAG CAG CCC 873 
Lys Leu Ala Gly Leu He Gly Arg His Gly Pro Gin Asn Lys Gin Pro 
260 265 270 275 

35 TTC ATG GTC GCT TTC TTC AAG GCC ACG GAG GTC CAC TTC CGC AGC ATC 921 
Phe Met Val Ala Phe Phe Lys Ala Thr Glu Val His Phe Arg ser He 
280 285 290 

CGG TCC ACG GGG AGC AAA CAG CGC AGC CAG AAC CGC TCC AAG ACG CCC 969 
4U Arg Ser Thr Gly Ser Lys Gin Arg Ser Gin Asn Arg Ser Lys Thr Pro 
295 300 305 

AAG AAC CAG GAA GCC CTG CGG ATC GCC AAC GTC GCA GAG AAC AGC AGC 1017 
Lys Asn Gin Glu Ala Leu Arg Met Ala Asn Val Ala Glu Asn Ser Ser 
45 310 315 320 



AGC GAC CAG AGG CAG GCC TCT AAG AAG CAC GAG CTC TAT GTC AGC TTC 1065 
Ser Asp Gin Arg Gin Ala Cys Lys Lys His Glu Leu Tyr Val Ser Phe 
325 330 335 

CGA GAC CTC GGC TGG CAG GAC TCG ATC ATC GCG CCT GAA GGC TAC GCC 1113 
Arg Asp Leu Gly Trp Gin Asp Trp He He Ala Pro Glu Gly Tyr Ala 
340 345 350. 355 

55 GCC TAC TAC TCT GAG GGG GAG TCT GCC TTC CCT CTC AAC TCC TAC ATC 1161 
Ala Tyr Tyr Cys Glu Gly Glu Cys Ala Phe Pro Leu Asn Ser Tyr Met 
360 365 370 

AAC GCC ACC AAC CAC GCC ATC GTC CAG ACG CTC GTC CAC TTC ATC AAC 1209 
oU Asn Ala Thr Asn His Ala He Val Gin Thr Leu Val His Phe He Asn 
375 380 385 

CCG GAA ACG GTC CCC AAG CCC TCC TCT GCG CCC ACG CAG CTC AAT GCC 1257 
Pro Glu Thr Val Pro Lys Pro Cys Cys Ala Pro Thr Gin Leu Asn Ala 
05 390 395 400 

ATC TCC GTC CTC TAC TTC GAT GAC AGC TCC AAC GTC ATC CTC AAG AAA 1305 
He Ser Val Leu Tyr Phe Asp Asp Ser Ser Asn Val He Leu Lys Lys 
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415 



TAC AGA AAC ATG GTG GTC CGG GCC TCT GGC TGC CAC TJ^rcTrrTr-n 
jyr Arg Asn Met Val Val Arg Ala Cys Gly Sis ^'^^'^^^^^^ "51 



10 425 - - 435 

GAGAATTCAG ACCCTTTGGG GCCAAGTTTT TCTCGATCCT CCATTCCTCG CCTTCGCCAG 
GAACCAGCAG ACCAACTGCC TTTTGTGAGA CCTTCCCCTC CCTATCCCCA ACTTTAAAGC 
TGTGAGAGTA TTAGGAAACA TGAGCAGCAT ATGGCTrrTO ATCAGTrrrT CAGTCGCAGC 
ATCCAATGAA CAAGATCCTA CAAGCTGTCC AGGCAAAACC TAGCAGGAAA AAAAAACAAC 
GCATAAAGAA AAATGGCCGG GCCAGGTCAT TCGCTCGGAA GTCTCAGCCA TCCACGGACT 
CGTTTCCAGA GGTAATTATG AGCGCCTACC AGCCAGGCCA CCCAGCCGTO GGAGGAAGGG 
GGCGTGGCAA GGGGTGGGCA CATOJGTGTC TCTCCGAAAG GAAAATTCAC CCGGAAGTTC 
CTGTAATAAA TGTCACAATA AAACGAATCA ATGAAAAAAA AAAAAAAAAA A 



15 



20 



25 



30 



35 



(2) INFORMATION FOR SEQ ID N0:2: 

(1) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 431 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

40 Met His Val Arg Ser L.u Arg Ala Ala Ala Pro His Ser Phe Val Ala 

5 10 15 

Leu Trp Ala Pro Leu Phe Leu Leu Arg Ser Ala Leu Ala Asp Phe Ser 
45 25 3Q 

Leu ASP Asn Glu Val His Ser Ser Phe He His Arg Arg Leu Arg Ser 

Gin Glu Arg Arg Glu Met Gin Arg Glu lie Leu Ser He Leu Gly Leu 

=•3 60 
Pro His Arg Pro Arg Pro His Leu Gin Gly Lys His Asn Ser Ala Pro 

80 

55 Met Phe Met Leu Asp Leu Tyr Asn Ala Met Ala Val Glu Glu Gly Gly 

90 95 ^ 

Gly pro Gly Gly Gin Gly Phe Ser ^r Pro Tyr Lys Ala Val Phe Ser 
60 HQ 

Thr Gin Gly Pro Pro Leu Ala Ser Leu Gin Asp Ser His Phe Leu Thr 

65 "^'^ ilt '^^^ "^-^ f?l val Asn Leu Val Glu His Asp Lys 

Glu Phe Phe His Pro Arg .yr His His Arg Glu Phe Arg Phe Asp Leu 

160 



1411 
1471 
1531 
1591 
1651 
1711 
1771 
1822 
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ser Lys lie Pro Glu cay Clu Ala Val Thr Ala Ala Glu Phe Arg He 

170 

ryr Lys ASP jyr ne Arg Glu Arg P.. Asp Asn Glu Thr Ph. Arg II. 

190 

ser VU jv, oi„ Val l.u 01„ CJj „i, ^„ ^ 
'5 L.J ..p ^ ^ 

P.. «p ^ 

ZU 240 
Hi= ^ 

255 

25 ne Asn Pro Ly. .eu Ala Gly .eu lie Gly Arg His Gly Pro Gin Asn 

270 

X-ys Gin Pro Phe Het Val Ala Pje Phe .ys Ala Thr Glu Val His Phe 

30 Arg ser He Arg Ser Thr Gly Ser Lys Gin Arg Ser Gin Asn Arg Ser 

'^^^ 300 
Lys Thr Pro .ys Asn Gin Glu Ala Leu Arg Met Ala Asn Val Ala Clu 

-315 320 
Asn ser Ser Ser Asp Gin Arg Gin Ala gs Lys Lys His Glu Leu Tyr 

val ser Phe Arg Asp Leu Gly Trp Gin Asp Trp He He Ala Pr! Glu 

350 

Cly ryr Ala Ala ^r oyr cys Glu Gly Glu Cys Ala Phe Pro L.u Asn 
45 ser ovr Met Asn Ala Thr Asn His Ala He Val Gin ir Leu Val His 
Phe lie Asn Pro Glu Thr Val Pro Lys Pro cys cy! Ala Pro Thr Gin 
Leu Asn Ala lie Ser Val Leu Tyr Phe Asp Asp ser Ser Asn Val He 
53 Leu Lys Lys ^r Arg Asn Met Val Val Arg Ala Cys Gly Cys Hi^ 



60 



65 



(2) INFORMATION FOR SEQ ID N0:3; 



(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 102 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(ix) FEATURE: 
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(A) NAME/KEY: Protein 

(B) LOCATION: 1..102 

(D) OTHER INFORMATION: /labels OPX 

"""ER^^IN EACH XAA IS INDEPENDENTLY SELECTPn 
10 A OF ONE OR MORE SPECIFIED AMINO^ST 

AS DEFINED IN THE SPECIFICATION" ^ 



15 



30 



35 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

cys xaa xaa His Glu Leu ryr Val Xaa Phe Xaa Asp Leu Gly Trp Xaa 



" 15 



ASP Trp xaa lie Ala Pro Xaa Gly ^r Xaa Ala ^r -ryr Cys Glu Gly 
Glu cys xaa Phe Pro Leu Xaa Ser Xaa Met Asn Ala Thr Asn His Ala 
25 ''^ ^l'^ val His Xaa Xaa Xaa Pro Xaa Xaa Val Pro Lys 

xaa cys Cys Ala Pro Thr Xaa Leu Xaa Ala Xaa Ser Val Leu Tyr Xaa 



75 80 



ASP xaa ser Xaa Asn Val Xaa Leu Xaa Lys Xaa Arg Asn Met Val Val 

Xaa Ala cys Gly cys His 
100 
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What is claimed is: 



1 . A device for implantation in a mammal which serves as a template to form in vivo a 

functional replacement body part comprising plural distinct tissues, the device 
comprising: 

a) a biocompatible, biodegradable matrix defining a structure which allows the 
atuchmem of infiltrating cells, comprising residues having specificity for, or derived 
from, said plural distinct tissues; and, having dimensions and shape which mimic that 
of the body part to be replaced; and disposed on the surface of said matrix, 

b) an osteogenic protein in an amount sufficient to induce foraiation of new said 
plural distinct tissues thereby to permit regeneration of tissues corresponding in shape 
and kind to said residues within a mammal. 

1 The device of claim 1 wherein one of said plural distinct replacement tissues is a non- 

mineralized tissue. 

3. Hie device of claim 1 wherein said matrix comprises devitalized tissue from a 
1 5 manunalian donor. 

4. Hie device of claim 1 wherein said matrix comprises residues of articular cartilage 
and of bone, 

5. The device of claim 1 wherein said matrix comprises at least a portion of a skeletal 
joint 

^' ^vice of claim 1 or 5 wherein tiie matrix comprises dehydrated mammalian 

tissue. 

7. The device of claim 2 wherein said replacement non-mineralized tissue is selected 

from tiie group consisting of articular cartilage, ligament, tendon, synovial capsule 
and synovial membrane tissue. 



25 8. 



The device of claim 5 wherein said skeletal joint defmes a synovial or articulating 
joint 
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The device of claim 5 or 8 wherein said device defines a devitalized intaa skeletal 
joint stnicture. 

A device for implantation in amammal foiming in vivo articular cartilage 
replacement tissue in a skeletal joint, the device comprising: 

osteogenic protein disposed on the surface of a biocompatible, bioresortable 
matrix 



9. 



10. 



11. 



12. 
13. 



and 
tissue. 



said matrix defining a structure which allows the attachment of infiltrating cells 
which comprises residues specific for. or derived liom. articular cartilage 

A device for implantation in a mammal for fomung in vivo replacement non- 
mineralized tissue in a skeletal johw, the device comprising: 

osteogenic protein disposed on the surface of a biocompatible, bioresorbable 

matrix, 

said matrix defining a sinicmre which aUows the attachment of infiltrating cells and 
Which comprises residues specific for. or derived fmm, non-minemlized skeletal joint 
tissue corresponding in kind to said tissue to be replaced. 

The device of claim 11 wherein said non-mineralized tissue is an avascular tissue. 
The device of claim 10 wherein said non-mineralized tissue is selected from ti.e g^up 
consisung of articular cartilage, ligament, synovial membrane and synovial capsule 

tissue. 

14. The device of claim lOor 11 wherein said matrix comprises devitalized allogenic or 

xenogenic tissue. 

15. The device of claim 10 or 1 1 wherein said matrix comprises a material selected fh,m 
the grt,up consisting of: coUagen. polymers comprising monomers of lactic add 
glycolic acid, butyric acid and combinations tiiereof. hydroxyapatite. tricalcium 
phosphate, and mixnires thereof. 
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17. 

5 

18. 

10 

15 19. 
20. 

20 21. 



Hie device of claim 10 or 1 1 further comprising a material suitable for binding 
particulate matter to form a moldable solid 

Hie device of daim 1. 10 or 1 1 wherein said osteogenic protein comprises 
homodimers or heterodimers of OP-1, OP-2, BMP2, BMP3, BMP4, BMP5. BMP6, 
OPX, or functional equivalents thereof. 

A method for inducing in a mammal the formation of an autologous replacement body 
part comprising plural distinct tissues* said method comprising the steps of: 

a) providing a device comprising osteogenic protein disposed on the surface of a 
bioresort)able, biocompatible matrix, said matrix defining a stnicture which allows 
the attachment of infiltrating cellsxomprising residues having specificity for, or 
derived from, said plural distinct tissues, and having dimensions and shape which 
mimic that of the body part to be replaced; and 

b) implanting said device at a locus in a mammal, thereby to induce formation of 
tissues corresponding in shape and kind to said residues. 

The method of claim 18 wherein said locus in said mammal defines an endogenous 
body part to be replaced. 

The method of claim 18 wherein said matrix further comprises residues which are 
dimensioned to correspond in shape and strucmral relation to said plural distinct 
tissues to be replaced. 

Tlie method of claim 18 wherein the plural distinct tissues comprise bone and 



The method of claim 18 wherein said matrix comprises devitalized allogenic or 
xenogenic tissue. 

The method of claim 1 8 wherein one of said plural distinct tissues is an avascular 



cartilage. 



tissue. 
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24. 



10 



15 27. 



28. 



30. 
31. 
32. 



25 



A method for repairing in vivo articular canilage on the surface of a bone, me method 

comprising the step of: 

providing to said bone surface at a locus in a mammal a device comprising an 
osteogenic protein disposed on the surface of a biocompatible, bioresorbable matrix 
said matrix comprising residues specific for. or derived from, cartilage, and defining a 
structure which allows the attachment of infiltrating cells. 

25. niemethodof claim 24 wherein said locus occurs in a synovial cavity. 

26. A method for restoring in a mammal a non-mineralized tissue in a siceletal joint, the 
method comprising the step of: 

providing to said skeletal joint in a mammal a device comprising an osteogenic 
protein disposed on the surface of a biocompatible, bioresorbable matrix, said matrix 
comprising residues specific for, or derived fiom. tissue conesponding in Icind to said 
non-minemlized tissue to be replaced, and defining a stmcture which allows the 
attachment of infiltrating cells. 

TTie method of claim 26 wherein said non-mineralized tissue to be restored comprises 

avascular tissue. 

The method of claim 26 wherein said non-mineralized tissue to be restored is selected 
from the group consisting of anicular cartilage, tendon, ligament, synovial capsule 

and synovial membrane tissue. 

20 29. ■^'=™«*«»ofclaim24or26whereinsaidmatrixisderivedfromallogenicor 



xenogenic articular cartilage. 
The method of claim 24 or 26 wherein said device comprises a moldable solid. 
The method of claim 24 or 26 wherein said device comprises a flexible sheet 

The method of claim 24 or 26 wherein said device comprises collagen, polymers 
comprising lactic acid, butyric glycolic acid or mixtures thereof; hydroxyapatite and 
combinations thereof 
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•me method of claim 1 8. 24 or 26 wherein said osteogenic protein comprises 
homodimcrs or heterodimere of OP-1 . OP-2. BMP2. BMP3, BMP4. BMP5. BMP6. 
OPX, or functional equivalents thereof. 
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